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Abstract  
Background 
Acquired Brain Injury (ABI) is one of the main problems of disability and death in the 
world. Its incidence and survival rate are increasing annually. Thus, the number of 
chronic ABI patients is gradually growing. Traditionally, rehabilitation programs are 
applied to post-acute and acute patients, but recent publications determine that chronic 
patients may benefit from rehabilitation. Also, in the last few years, the potential of 
Virtual Rehabilitation systems has been demonstrated. However, until now, no 
previous studies have been carried out to compare the evolution of chronic patients 
with acute patients in a Virtual Rehabilitation program. To perform this study, we 
developed a Virtual Rehabilitation system for ABI patients. The system, Vestibular 
Virtual Rehabilitation (V2R), was designed with clinical specialists. V2R has been 
tested with 21 people ranging in age from 18 to 80 years old that were classified in 
two groups, chronic patients and acute patients. The results demonstrate a similar 
recovery for chronic and acute patients during the intervention period. Also, the 
results showed that chronic patients stop their improvement when they finish their 
training. This conclusion encourages us to direct our developments towards VR 
systems that can be easily integrated at home, allowing chronic patients to have a 
permanent VR training program. 
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Background  
One of the main causes of disability and death nationwide is Acquired Brain Injury 
(ABI). Worldwide, the estimated incidence of ABI in 2007 was 101 cases per 100,000 
individuals [1]. During the period 1995-2006, around 10 million people in the United 
States suffered ABI every year [2,3,4]. European ABI incidence is estimated to be 235 
per 100,000 population per year. [5]. The incidence and survival rate of ABI patients 
is increasing annually [2,6], so the number of patients that need rehabilitation 
therapies is gradually increasing. Moreover, since ABI is the leading cause of 
disability in children and young adults [6], many people have to suffer years of 
physical and cognitive problems after ABI. 
The main physical problems that follow an ABI are spasticity, muscle weakness, 
limited movements and coordination [7,8,9]. The consequences derived from these 
problems are limited postural control, gait deficits and fall risk [10]. 
These drawbacks significantly reduce the ability of the subjects to perform activities 
of daily living (ADL) [11,12,13,14] such as personal hygiene, eating, dressing, and 
walking [15,16]. 
Traditional motor rehabilitation in ABI is focused on the recovery of postural control 
and limb coordination to reduce instability and risk of fall [14]. To achieve this, 
traditional motor rehabilitation is based on the repetition of specific movements. This 
type of rehabilitation is tedious, monotonous, and boring. 
New emerging technologies such as Motor Virtual Rehabilitation (MVR) provide new 
features to apply in traditional rehabilitation.  Many studies have shown the 
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advantages of these systems over traditional rehabilitation [17,18,19 ,20]. MVR 
usually includes a game approach that engages patients and minimizes boredom, 
increasing their motivation and adherence to treatment. Another important advantage 
of many MVR systems is the objective location of a body part in real time [21,22] or 
even the location of their Center-of-Pressure (COP) [23,24]. This data allows the 
adjustment of MVR systems to different patients in real-time. Also, this data can be 
recorded to provide important information about the progression of patients. 
Force Platforms (FP) are used in balance recovery and postural control due to their 
capacity to accurately measure the COP of the patient [25]. FP allows the assessment 
and rehabilitation of balance [26, 27]. Traditionally, the drawback of FP has been the 
high cost. 
New peripherals originally designed for videogame consoles offer new and interesting 
possibilities in Virtual Rehabilitation Therapies. The Nintendo WBB is a widely 
available popular low-cost FP, that can be used in these types of therapies. To date, 
different studies have demonstrated the validity of the WBB in balance rehabilitation 
[28,29,30,31] and assessment [23,24]. A good example of this WBB-based system is 
presented by Kennedy et al. [32]:“WeHab” is a system that provides visual feedback 
of the COP of the patient for balance rehabilitation in stroke acute patients. The 
system is used in exercises such as sit-to-stand, weight transferences and stepping. 
Based on the time post injury [13], ABI patients are classified in three groups: post-
acute (0-5 months post injury), acute (6-23 months post injury) and chronic (24 
months or more post injury). As Babikian and Asarnow explain [13], the greatest 
functional impairments are observed in the post-acute period, the greatest recovery is 
achieved in the acute period and most of the recovery has already taken place and 
relatively little change is expected in the chronic period. 
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Because of this, traditional rehabilitation is focused mainly on post-acute and acute 
ABI patients.  
However, the increasing incidence and survival rate of ABI patients produce an 
increase in chronic patients. This requires a new approach for chronic patients. 
Therefore, a change is occurring, and new proposals for rehabilitation also 
demonstrate their suitability for chronic patients [33,34]. An example of this type of 
rehabilitation is Geurtsen et al. [35]. They evaluated employability, community 
integration, work hours, and Quality of life (QOL) of chronic ABI patients. 
Gupta et al. [36] assessed functional results in chronic ABI patients and conclude that 
patients of this type continue to show functional recovery with adequate rehabilitation 
even in the chronic phase. 
Cameirao et al. [42] revealed significant improvements in upper extremity functional 
recovery in patients with chronic stroke. You et al. [43] demonstrated an improvement 
in cortical reorganization and consequent motor recovery using MVR in chronic 
stroke patients. Kim et al. [44] also demonstrated that MVR can provide advances in 
balance and gait function in chronic stroke patients. Cho et al. [45] achieved a 
significant improvement in dynamic balance in chronic stroke patients using virtual 
reality balance training.  
In this paper, we present a study that evaluates balance rehabilitation in acute and 
chronic patients with a virtual rehabilitation system. To our knowledge, this is the first 
study that evaluates the effectivity of a virtual rehabilitation program for balance 
recovery in chronic patients, comparing their evolution with acute patients. 
To carry out the rehabilitation we use a WBB-based virtual rehabilitation system that 
was specifically designed for recovery from balance disorders. In the clinical study, 
we evaluated patients before the rehabilitation process, after the rehabilitation process, 
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and one month after the end of the rehabilitation process (follow-up evaluation).  
Follow-up analysis after VR training [40,41] is critical, and the therapist needs to 
study the long-term efficacy, which is one of the main challenges in the rehabilitation 
process of ABI patients. 
Methods 
Virtual Rehabilitation System 
The MVR used for the current study was the Vestibular Virtual Rehabilitation (V2R) 
system. The V2R system can be installed on a standard PC running under Microsoft® 
Windows® XP/7. Weight transferences are achieved through a commercial force 
platform, the Nintendo® Wii Balance Board® (WBB). This board has four points of 
pressure that allow the COP of the subject to be calculated. A wireless Bluetooth-
based communication is set-up to transfer data from the WBB to the V2R System. A 
Full HD LCD/LED TV is recommended for visualization. A 42- or 47-inch screen is 
perfect for patients, and it can be easily integrated in the clinical environment using a 
Flat TV trolley floor stand with wheels at the bottom, which allows it to be moved 
around easily. A 2.1 speaker system is used, helping users to locate a sound source 
(left / right) if necessary. V2R was developed in lite-C [46] using Gamestudio/A8. 
V2R was developed to improve postural control in TBI patients through the 
interaction with different virtual games in the standing/sitting position (Figure 1). 
< Here Figure 1>   
Clinical specialists actively participated in the design of the system. The system has 
also been developed considering the guidelines described in other WBB-based virtual 
rehabilitation systems with proven efficacy [28, 37]. As the system has been designed 
for clinical purposes, it prevents the risk of injury that is related to commercial games 
(e.g. metatarsal avulsion fracture [38] or lateral patella dislocation [39]). Another 
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interesting contribution of the designed system is the use of positional auditory cues 
to provide positional information.  
In the virtual rehabilitation process with V2R, therapists commonly use four stages of 
the system, in the following order: 1) Menu module; 2) Calibration module; 3) Virtual 
Games module; 4) Global Results module. 
The Menu module shows the different games of the system. This module allows 
therapists to select games for a wide range of patients (a total of six possibilities). 
Two possibilities are designed to be played in the sitting position, with associated 
medio-lateral and Antero Posterior weight transferences. Four possibilities are 
designed for standing training; patients could train lateral transferences and Antero 
Posterior transferences (with the patient in the tandem position -one foot in front of 
the other-). There is also a game designed to rehabilitate the sit-to-stand movement. 
The Calibration module allows the system to control the weight distribution limits of 
the patients (see Figure 2). This module is very important because it permits the 
system to adapt to the level of impairment of every patient in every session. 
< Here Figure 2> 
This module can measure different weight distribution limits of a patient: 1) Lateral 
weight transferences in the standing and sitting position; 2) Antero Posterior weight 
transferences in the sitting position; 3) Antero Posterior weight transferences in the 
tandem position (standing, one foot in front of the other). The module also registers 
the weight of the patient (to control the sit-to-stand movement). Thus, according to 
these weight distributions, V2R calibrates and stores the limits required in games 
previously selected by the therapist for the active session.  
In the standing static position, WBB can be placed in two different positions: the 
standing position and the tandem standing position. In the sitting position, the patient 
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sits on the WBB. In the standing dynamic position the WBB is placed in front of the 
patient and he has to step to the left or to the right, depending on the target. 
In the calibration module, V2R shows the weight distribution in real time, providing 
feedback to the patient and the therapist. (see Figure 2). 
In the Virtual Games Module, the patient plays games previously selected by the 
therapist in the Menu Module. V2R offers a total of six different possibilities, with 
five games: a game for Antero Posterior and lateral weight transferences in the sitting 
position, a game for Antero Posterior weight transferences in the tandem position, a 
game for lateral weight transferences in the standing position, a game for the sit-to-
stand movement, and a game for lateral weight transferences, which are valid for the 
sitting and standing position. 
The description of these games can be found in Table 1. 
<Here Table 1> 
All games are automatically adapted in every session according to the calibration 
records. 
The Global Results module (see Figure 3) displays the results of the last three 
sessions. Here, the patient and the therapist can see the general results (percentage of 
hits) and the evolution of the patient in relation to their weight transferences in 
different situations –standing/sitting, Antero Posterior/lateral. 
< Here Figure 3> 
Subjects/Participants 
The inclusion criteria were: 1) age≥18 years and ≤80 years; 2) chronicity: in acute 
patients, this is between 6 and 23 months; in chronic patients, this is more than 24 
months; 3) patients without severe, moderate, or mild cognitive impairment(Mini-
Mental state examination (MMSE)>24 [47]); 4) comprehension of V2R instructions 
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(Mississippi Aphasia Screening Test  (MAST) ≥45 [48]); 5) balance and postural 
control disorders due to acquired brain injury (Berg Balance Scale Test results [49] 
(BBS) in acute patients between 20 and 52). The exclusion criteria were: 1) patients 
with visual/auditory injuries that cannot interact correctly with V2R system; 2) 
patients with hemispatial neglect;3) patients with ataxia; 4) unsolved trauma injuries. 
The final sample consisted of 21 people (13 men and 8 women) classified in two 
groups: Chronic and Acute Patients. The acute patient group was composed of 7 men 
and 4 women ranging in age from 21 to 77 years old (50.27±15.82) and a mean 
chronicity of 12.51±4.73 months. The pathology of acquired brain injury in this group 
included severe traumatic brain injury (TBI) (n=1) and ischemic or hemorrhagic 
stroke (n=10). The chronic patient group was composed of 6 men and 4 women 
ranging in age from 29 to 60 years old (45.50±11.18) and a mean chronicity of 
88.40±35.39 months. The pathology of traumatic brain injury in chronic patients was 
TBI (n=3), ischemic or hemorrhagic stroke (n=5), anoxia (n=1) and tuberculous 
meningitis (TB) (n=1). The information of the subjects is shown in Table 2 (acute and 
chronic patients). 
<Here Table 2> 
Rehabilitation session/Rehabilitation process 
The study was carried out in two locations: the neurorehabilitation service of a large 
metropolitan hospital and the facilities of an Association for the Care of Disabled 
Persons. The acute and chronic patients performed a total of 20 rehabilitation 
sessions, distributed in 3-5 sessions per week. The time of the sessions for patients 
was 30 minutes playing with V2R. 
When necessary before the session, the therapist explained a set of basic instructions 
to perform the exercises correctly. 
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Each session (see Figure 4) was composed of different stages: 1) games selection; 2) 
calibration stage; 3) virtual rehabilitation stage (patients interacted with three virtual 
games and they had two specific rest periods between virtual games). At the end of 
the session, the patients needed a special final rest period to recover. During this final 
rest period, the patient and the therapist can see the results, and discuss the patient’s 
evolution in the last three sessions. 
< Here Figure 4> 
Also, after the first session, the therapist gives the patients a modified usability 
questionnaire (SUS) [50] in order to measure the usability and patient satisfaction 
with V2R. This questionnaire is composed of 10 statements, with a five-point Likert 
scale (from 1 "Strongly disagree" to 5 "Strongly agree"), which was adapted for ABI 
patients. The adaptation of the questionnaire was supervised by a therapist and a 
specialist in usability. 
Data Analysis 
The analysis was carried out by the use of repeated measure analyses of variance 
(ANOVAs) with Group (Between Subjects, the groups are acute and chronic 
patients), with Time (Within Subjects), and with Group-by-Time. p < 0.05 was taken 
as significant in each case. Demographical and clinical analyses were carried out with 
independent sample t-test and Chi-squared test. All the analyses were generated using 
IBM SPSS 19 (IBM Corporation, USA) on a standard PC. 
The work plan includes three evaluation stages: 1) Initial Evaluation, at the beginning 
of the clinical trial; 2) Final Evaluation, at the end of the clinical trial; 3) Follow-up 
evaluation, one month after the final evaluation. 
For each stage (Initial Evaluation, Final Evaluation, and Follow-up Evaluation), we 
carried out the following clinical tests: the Berg Balance Scale (BBS) [49], the Time 
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“Up and Go” Test (TUG) [51,52], 30-second Sit-to-Stand Test (30SST) [53], the 
Paretic Stepping Test (ST paretic) [54], the non-Paretic Stepping Test (ST non-
paretic) [54], the Sitting Anterior Reach Test (ART sitting) [55] and the Standing 
Anterior Reach Test (ART standing) [55]. 
Results  
The analysis of the demographic factor is shown in the Table 2 for Acute/Chronic 
Patients. No significant differences in demographical (age or gender) or clinical 
variables were detected in either group. As expected, we found significant differences 
between Acute/Chronic Patients in “Time since injury” (p=0.000). 
With regard to clinical tests, the repeated ANOVA measures were carried out for the 
two sub-periods (the rehabilitation period (T0-T1) and after the rehabilitation period 
(T1-T2) in order to evaluate when group-by-time and/or time effect are significant. 
The results are shown in Table 3 and Figure 5. 
< Here Figure 1> 
<Here Table 2> 
Berg Balance Scale  
The BBS [49] is designed to measure balance through a 14-item scale questionnaire; 
each item is quantified by a five-point attitude Likert scale (from 0 to 4). 
ANOVA results reveal a significant difference for the acute and chronic groups in 
time effect (p<0.01) in the sub-period T0-T1, and a significant group-by-time effect 
(p<0.01), and a significant time effect (p<0.01) in the sub-period T1-T2. 
Time “up and go” test  
The TUG [51] was designed to obtain the time that patients used to stand up from a 
chair, walk a distance of 3 m, turn around, return, and sit-down on the chair. This 
clinical test is related to of dynamic balance. 
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ANOVA results show a significant difference for the acute and chronic groups in time 
effect (p=0.022) in the sub-period T0-T1, and a significant group-by-time effect 
(p<0.01) in the sub-period T1-T2. 
30-Second Sit-to Stand test  
The 30SST [53] measures the number of times from sitting to standing position in 30 
seconds, using a stool without back support. Full movement is composed of the series 
sitting-standing-sitting. 
In the sub-period (T0-T1), ANOVA results show a significant difference for the acute 
and chronic groups in time effect (p<0.01), and in group-by-time effect (p<0.033). No 
significant differences were found in the sub-period (T1-T2). 
Stepping test  
The ST paretic and non-paretic [54] measure the number of repetitions for 15 seconds 
that the patient carries out to place one foot (paretic and non-paretic in different 
sessions) onto a 7.5 cm high step and then back down to the floor. 
For paretic limb (ST paretic), in the sub-period (T0-T1), the ANOVA results show a 
significant difference for acute and chronic groups in time effect (p<0.01), and a 
significant group-by-time effect (p<0.01). In the sub-period (T1-T2), there is a 
significant group-by-time effect (p<0.01). 
For non-paretic limb (ST non-paretic) the ANOVA results indicate a significant 
difference for acute and chronic groups in time effect (p<0.01) in the first sub-period 
(T0-T1). 
Anterior Reach test sitting  
The ART for sitting and standing [55] measures the furthest distance that the patient is 
able to reach beyond arm's length without moving his feet (in the stability limits) in 
the standing or sitting position.  
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In the sub-period (T0-T1), there is no significant difference between groups in the 
ART sitting. In the sub-period (T1-T2), the ANOVA results show a significant 
difference for the acute and chronic groups in group-by-time effect (p=0.016) for this 
test. 
Anterior Reach test standing  
In the both sub-periods (T0-T1 and T1-T2), there is no significant difference between 
groups in the ART standing. 
Discussion  
Balance impairment is one of the most common problems of ABI patients, and it 
affects ADL decisively [14]. Traditionally rehabilitation therapies are focused on 
post-acute and acute patients. Following some studies [13], chronic patients are not 
considered because the greatest functional recovery is done in the first 24 months post 
injury. However the number of chronic ABI patients is growing annually [1,6]. 
Fortunately, a change is taking place. In the last few years, research studies on motor 
rehabilitation in chronic ABI patients demonstrate that functional recovery is possible 
for these patients [33, 34, 35, 36].  
The purpose of this study was to analyze and to test balance rehabilitation in acute 
and chronic patients using a customizable virtual rehabilitation system based on a 
previous system with proven clinical efficacy [28]. The results suggest that balance 
recovery is possible for chronic patients. Most of the clinical measures demonstrate a 
recovery for chronic patients similar to the recovery of acute patients during the 
intervention period, without significant differences between groups. 
During the intervention period (T0-T1), both groups show significant improvement in 
BBS. No significant differences in the group effect are detected in this period; 
therefore, according to the BBS, our results confirm the balance recovery 
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independently of the chronicity of the patients. In the follow-up period (T1-T2), the 
results obtained in BBS show significant group-by-time effect, demonstrating that 
acute patients continue with their recovery after the rehabilitation program, while 
chronic patients do not significantly continue their recovery.  
The TUG, results show significant improvement for acute patients in both sub-periods 
(T0-T1 and T1-T2). However, chronic patients do not show any improvement, and 
they even get worse results. To interpret these results, it is necessary to remember 
what is measured by the TUG test. The TUG is designed to assess mobility, and 
dynamic balance is a key factor for this test. The V2R system is designed to recover 
static balance more specifically than dynamic balance or other complex motor tasks; 
therefore, no improvement was expected for this test before the study. The chronic 
patients confirm our expectations, but the acute patients do not. We consider that the 
improvement of the acute patients was due to their chronicity because acute patients 
are in the period where spontaneous recovery is more likely.  
In the 30SST, both groups improved their results in the intervention period (T0-T1). 
The V2R system has a module to specifically train the sit-to-stand movement, which 
is the core of the 30SST. In this first sub-period, the results demonstrate a greater 
improvement in the acute group than in the chronic group. This may be due to the 
greater potential of recovery of acute patients for this movement. In the follow-up 
period (T1-T2) there was no significant improvement in either group. Therefore, the 
improvement registered in the first period is related to the intervention with the V2R 
system. 
In the V2R system, there is also a module to train the capacity of patients to step one 
foot fully on and then off of a block step (specifically the WBB, which is a 5.32 cm 
high step). That justifies the good results for the intervention period (T0-T1) obtained 
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in both groups in the Stepping Tests carried out (ST paretic and ST non-paretic). After 
the intervention, no significant improvement was registered in either group (neither 
ST paretic nor ST non-paretic) for the follow-up period; therefore, improvement in 
the first period can be associated with the V2R system. 
No significant improvement over time was detected for the ART (ART sitting and 
ART standing) in either group in any sub-period. The skills directly measured by this 
test are not specifically trained by the V2R system; therefore, this result is expected. 
In any case, for ART, the results of the acute patients over time were slightly better 
than the results of the chronic patients. Again, the reason could be related to 
chronicity: the acute patients are in a period where spontaneous recovery is more 
probable. 
Conclusions 
This study was done to analyze the effects of VMR in acute and chronic patients. To 
achieve this, we have created a novel and customizable virtual rehabilitation system 
using a low-cost device such as the WBB. The different modules of the system were 
designed following recommendations and suggestions of clinical specialists. 
In the last few years, the literature has demonstrated the effectiveness of virtual 
rehabilitation. This study corroborated this evidence. The improvement of the patients 
is specially reflected in the clinical tests that evaluate tasks that are closely related to 
the movements trained directly with the system. Many other previous studies also 
documented this conclusion [9,18,20,28].Thus, the results suggest that a wider range 
of modules in the VR system –to rehabilitate more tasks- would benefit patients. 
With regard to chronicity, two important conclusions can be obtained from the study. 
First, the results demonstrated that chronic patients can benefit from VR training in a 
way similar to acute patients. However, this assertion is valid only for tasks that are 
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closely related to the skills trained in the VR modules. In other tasks, acute patients 
can also show improvement (they are still in a spontaneous recovery period), but 
chronic patients do not improve significantly.  
A second important conclusion is related to the follow-up of chronic patients. The 
results showed that chronic patients stop their improvement, or even lose part of this 
improvement, when they finish their VR training. Posterior follow-up evaluations 
would be interesting to confirm this trend. This conclusion encourages us to direct our 
developments towards VR systems that can be easily integrated at home, allowing 
chronic patients to have a permanent VR training program. 
Nevertheless, considering the size (a total of 21 patients, 10 chronic) and the 
characteristics of our sample, the conclusions should be carefully considered. A larger 
sample will reinforce these interesting conclusions. 
With regard to adherence to the program, the patients reported great motivation 
during the program due to the recreational approach of the VR system. This feature 
has been referenced widely in the literature [22,29,32] as one of the main advantages 
of Virtual Rehabilitation. Patients did not suffer from cyber side effects when playing 
with the VR system, which reinforces the adherence to the treatment. 
Therapists also emphasize the ease and speed of use of the application. This is 
because the system has been specifically designed to be quickly integrated in the daily 
clinical routine. 
Currently, the clinical centers involved in the study integrated the VR system as part 
of their routine, and they have encouraged us to develop new modules to promote 
improvement in other skills (such us upper limb rehabilitation or dynamic balance 
activities). 
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We are now involved in the development of new VR modules following the 
conclusions and clinical suggestions of this study. 
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Figures 
Figure 1  - Patients playing with the system 
The image was taken from Acute and Chronic TBI Patients playing with V2R. Antero 
Posterior and medio-lateral weight transferences were carried out using the 
Nintendo® Wii Balance Board®, a standard PC and a Full HD LCD/LED TV. 
Figure 2  - Calibration of V2R in the standing position 
The dial movement in the standing and sitting position is based on weight 
transferences of ABI patients. 
Figure 3  - Global Results 
The global results module displays the results of the last three sessions, such as date 
of the session, percentage of hits, and weight transferences in the standing/sitting 
position. 
Figure 4  - Flow of the Game 
The flow of the game can be divided into: 1) Setup; 2) Calibration; 3) Gameplay; 4) 
Break; 5) Final Scores. 
Figure 5  - Clinical test results. 
In Figure 5, the box-plot shows the results of the clinical test: A) measurement of the 
levels of ability in a specific task in the standing and sitting position (BBS); B) 
measurement of basic functional mobility (TUG); C) the maximum distance that ABI 
patients can extend their hands forward in the sitting position (ART Sitting); D) the 
maximum distance that ABI patients can extend their hands forward in the standing 
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position (ART Standing); E) measurement of dynamic motor exercises using paretic 
foot (ST Paretic), F) measurement of dynamic motor exercises using non-paretic foot 
(ST non-paretic); G) times from sitting to standing in 30 seconds (30SST). 
Tables 
Table 1  - Virtual Games of V2R 
Sitting Position 
Game Visual Aspect Starting Position 
Bank Robber. 
Patients shift 
their weight in 
the medio-lateral 
or Antero 
Posterior 
direction in order 
to move the bank 
robber.  
 
 
 
 
Recycling 
Patients shift 
their weight in 
the medio-lateral 
in order to move 
the Recycling 
Bin 
 
 
 
 
Standing Position 
Game Visual Aspect Starting Position 
Fireman  
Patients move the 
hose to the fire 
by shifting their 
weight from foot 
to foot, forwards 
and backwards. 
 
 
 
 
Jungle 
Patients move the 
truck from left to 
right by shifting 
their weight to 
the 
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corresponding 
side. 
  
Fruit Game 
Patients move 
the basket into 
different 
positions on the 
screen: top or 
bottom, 
depending on 
whether the 
subject is 
standing or 
seated. 
 
 
 
 
Other Snapshots 
Menu Visual Aspect 
 
First, V2R 
displays the 
menu screen to 
select the right 
video games for 
the actual 
session. 
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Table 2  - Characteristics of the Patients 
This table shows the information of the acute and chronic patients grouped by gender 
and pathology. The global results (age and time since injury) are expressed by the 
mean and standard deviation. The pathology shows the main types of acquired brain 
injury: Stroke, Acquired Brain Injury, and others such as ataxia. NS: non-significant 
S: significant. 
Issue Acute 
Patients 
Chronic  
Patients 
Significance 
Gender (n) 
   Male 
   Female 
 
7 (33.3%) 
4 (19.1%) 
 
6 (28.6%) 
4 (19.1%) 
NS (p=0.872) 
Age (years) 50.27±15.82 45.50±11.18 NS (p=0.439) 
Pathology (n) 
   Stroke 
   TBI 
   Other 
 
10 (47.6%) 
1 (4.8%) 
0 
 
5 (23.8%) 
3 (14.3%) 
2 (9.5%) 
NS (p=0.069) 
 
Time since injury 
(months) 
12.51±4.73 88.40±35.39 S (p=0.000)  
 
Table 3  - Acute/Chronic Patients: Clinical data 
Numerical data of the scores of the scales and tests. The results are given in terms of 
mean (X̅) and standard deviation (𝜎). The sub-indexes 0 and 20 represent the 
assessments carried out between Initial Evaluation and Final Evaluation. G: group 
effect. T: time effect. GxT: group/time effect. * p<0.05, ** p<0.01. T0 represents 
Initial Evaluation, T1 represents Final Evaluation, and T2 represents Follow-up 
Evaluation. 
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Table 3 Acute/Chronic Patients: Clinical data  
 Initial 
Evaluation 
(?̅?0 ± 𝜎0) 
Final 
Evaluation 
(?̅?20 ± 𝜎20) 
Follow-up 
Evaluation 
(∆?̅? ± ∆𝜎) 
Significance 
T0-T1 
Evaluation 
Significance 
T1-T2 
Evaluation 
BBS 
   Acute 
   Chronic 
 
38,829.85 
45.306.20 
 
43.558.78 
48.705.79 
 
45.737.82 
49.005.81 
 
T**(p=0.000)  
 
 
T** (p=0.001) 
GxT**(p=0.009) 
TUG (s) 
   Acute 
   Chronic 
 
29.1319.66 
28.6026.56 
 
23.3215.71 
32.3035.01 
 
18.9111.68 
33.1735.92 
 
GxT*(p=0.027) 
 
 
GxT**(p=0.008) 
 
30SST (n) 
   Acute 
   Chronic 
ST paretic 
   Acute 
   Chronic 
 
6.273.52 
9.204.18 
 
4.363.88 
5.804.44 
 
10.645.18 
11.004.80 
 
6.824.07 
10.704.67 
 
11.915.02 
11.305.27 
 
7.454.27 
8.804.59 
 
T*(p=0.000) 
GxT*(p=0.033) 
 
T* (p=0.000) 
GxT**(p=0.004) 
 
NS 
 
 
GxT**(p=0.002) 
ST non-paretic 
   Acute 
   Chronic 
 
5.903.81 
6.803.64 
 
8.184.28 
9.404.74 
 
7.544.34 
10.004.57 
 
T** (p=0.000) 
 
 
NS 
ART sitting       
   Acute 
   Chronic 
 
37.1810.25 
  36.454.17 
 
39.8610.73 
38.406.92 
 
41.3610.33 
35.808.56 
 
NS 
 
GxT*(p=0.016) 
ART standing 
   Acute 
 
26.646.43 
 
30.147.69 
 
31.097.69 
 
NS 
 
NS 
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   Chronic 26.503.57 25.706.96 23.908.44 
      
 
